This paper is a non-technical introduction to the use of three micro-econometric tools 
Introduction
The literature on the mutual links between international firm activities and firm performance grows exponentially. This paper does not summarize what we learn from this literature. 1 Instead it attempts to provide a non-technical introduction to the use of three micro-econometric tools that have only recently been applied in empirical investigations of the links between international firm activities and firm performance.
The focus is on the application of these tools -for any technical details the reader is referred to the literature. In this paper it is discussed why it is important to use these methods, how to use them in practice and which new insights are found in empirical investigations that apply these methods. The paper is aimed at readers who are familiar with the topics dealt with and the concepts, terms and methods used in the recent literature on international firm activities and firm performance. It is written as a practitioner's guide that might hopefully help to stimulate the broader application of the methods discussed.
To motivate this endeavor, consider empirical studies of the productivity differences between exporters and non-exporters, a classical topic in the literature on international activities of heterogeneous firms since the seminal pioneering empirical papers by Jensen (1995, 1999) and the canonical theoretical contribution by Melitz (2003) . The standard approach in empirical studies of the socalled exporter productivity premium uses OLS regression (with or without fixed firm effects to control for time invariant unobserved heterogeneity) to identify productivity differences between exporters and non-exporters at a point in time (including tests for 1 See Redding (2010) for a survey of the theoretical developments; first generation surveys of the empirical literature are Greenaway and Kneller (2007) and Wagner (2007) , more recent studies are summarized in Bernard et al. (2011) and Wagner (2012a) .
3 self-selection of more productive firms into exporting) and OLS regression plus propensity score matching methods to investigate causal effects of starting to export on productivity growth and to test for learning-by-exporting (see Wagner (2007) ).
Several studies step beyond a comparison of (unconditional or conditional) mean values of productivity between exporters and non-exporters. Some of these papers apply the non-parametric Kolmogorov-Smirnov test for differences in the whole unconditional productivity distribution between groups of firms that has been introduced to the literature on exports and productivity by Delgado, Farinas and Ruano (2002) . Other studies use quantile regression for an evaluation of the size of the exporter premium at different points of the conditional productivity distribution (see Wagner (2011a) for a summary of these studies and illustrative examples with German data). In a growing number of empirical studies all of the methods mentioned are used to investigate the links between other forms of international firm activities besides exports (imports, foreign direct investments, offshoring) and other dimensions of firm performance besides productivity (profitability, wages paid, growth, survival), too.
In recent research it is demonstrated that these "traditional" methods do not deal with firm heterogeneity in an adequate way when it comes to the study of international firm activities and firm performance, and more appropriate methods are suggested. These new approaches are the topic of this paper. Section 2 considers the role of extremely different firms (or outliers) in the computation of performance premia of internationally active firms. Section 3 looks at different performance premia over the distribution of the performance variable when unobserved heterogeneity matters. Section 4 deals with the analysis of causal effects of different intensities of international firm activity on firm performance (for example, the effects of different 4 shares of exports in total sales contrary to the effects of exporting or not). Section 5 concludes.
Extremely different firms (outliers)
In a sample of heterogeneous firms often values for some variables for some firms are far away from the other observations in the sample. For example, in a sample of exporting and non-exporting firms one usually has a few firms with labour productivity values that are extremely low or extremely high compared to the mean values. These extreme values might be the result of reporting errors (and, therefore, wrong), or due to idiosyncratic events (like in the case of a shipyard that produces a ship over a long time and that reports the sales in the year when the ship is completed and delivered), or due to firm behavior that is vastly different from the behavior of the majority of firms in the sample. Observations of this kind are termed outliers. Whatever the reason may be, extreme values of labour productivity may have a large influence on the mean value of labour productivity computed for the exporters and non-exporters in the sample, on the tails of the distribution of labour productivity, and, therefore, on the estimates of the exporter productivity premium. Conclusions with regard to the productivity differences between exporters and non-exporters, therefore, might be influenced by a small number of firms with extremely high or low values of productivity, and the same is true for any other empirical investigation using data for a sample of heterogeneous firms.
Researchers from the field of micro-economics of international firm activities usually are aware of all of this. Dropping the firms from the top and the bottom one percent of the productivity distribution and comparing the results of empirical investigations with and without these firms with extremely high or extremely low values of labour productivity might be considered as a first and useful step to check the sensitivity of results. However, although this approach seems to be rather popular it is in some sense arbitrary. Why the top and bottom one percent? Why not choose a larger or smaller cut-off point?
There are alternative approaches to deal with extreme observations (outliers) that are substantiated in statistics. Thus far the consequences of observed firm heterogeneity for microeconometric studies of international firm activities are considered. Firm heterogeneity, however, might be caused by factors that are either not observed by the researcher and that, therefore, are not included in the empirical model, or that are unobservable to a researcher. A case in point with regard to the exporter productivity premium is management quality. In the data sets used to empirically investigate international firm activities variables that measure management quality are missing.
This would not pose a big problem if management quality would be uncorrelated with the other variables included in the empirical model (e.g., the exporter status) -of course it would not be possible to investigate the role of management quality for productivity differences between firms empirically, but the estimated coefficient for the exporter dummy variable would be an unbiased estimate of the exporter productivity premium (given all other assumptions for the applicability of OLS are fulfilled). However, one would not expect that management quality is uncorrelated 7 with either the exporter status or other variables like firm size. Not controlling for management quality then leads to biased estimates for the exporter premium.
A standard solution for this problem that is widely used in the literature on the micro-econometrics of international firm activities is the estimation of fixed effects models for panel data. Using pooled cross-section time-series data for firms and including fixed firm effects in the empirical model allows to control for time invariant unobserved firm heterogeneity, and to estimate the coefficients for the time variant variables that are included in the models without any bias caused by the noninclusion of the unobserved variables that are correlated with these included variables. A case in point is the paper by ISGEP (2008), were in Table 4 exporter productivity premia are reported based on empirical models with and without fixed effects. If fixed firm effects are added to control for time invariant unobserved heterogeneity the point estimates of the exporter productivity premia are much smaller compared to the results based on pooled data only.
Thus, unobserved firm heterogeneity does matter. Is it possible to tackle both aspects of firm heterogeneity -outliers and unobserved heterogeneitysimultaneously? A highly robust MM-estimator for panel data with fixed effects has been proposed recently by Bramati and Croux (2007) . While a discussion of details of this estimator is beyond the scope of this paper the underlying idea is to center the series of observations for a firm in a similar way to what is generally done when applying the within transformation that is used to estimate a fixed effects model. The difference here is that the series are centered by removing the median instead of demeaning because the mean is largely distorted by outliers. Having centered the series, a robust estimator can be applied to deal with atypical individuals. The 8 outcoming results will be comparable to those of a fixed effects estimator but will not be distorted by the presence of atypical individuals. Verardi and Wagner (2011) apply this newly developed method to the estimation of exporter productivity premia for firms from manufacturing industries in West Germany and compare the results to those from using the standard fixed effects estimator. 3 3.07 percent of the enterprises are identified to be outliers.
Dropping these outliers leads to a drastic change in the estimation results for the exporter productivity premium and to a dramatic change in the conclusions drawn:
While in the standard fixed effects model the estimated exporter premium is statistically highly significant and large from an economic point of view, taking on a value of 13.43 percent, this estimate (while still statistically highly significant) drops to 0.997 percent when the same model is estimated using the robust fixed effects method. According to the results from the robust fixed effects regression there is no such thing as a large exporter productivity premium! Verardi and Wagner (2012) report similar results in a study on the exporter premia in a sample of firms from manufacturing industries by destination of exports (euro-zone vs. non-euro zone). Vogel and Wagner (2011) show that this result holds for firms from services industries, too. They find that the estimated exporter productivity premium is statistically significant and relevant from an economic point of view when a standard fixed effects estimator is used to control for unobserved firm characteristics, but that it drops to zero when a robust estimator is applied. This demonstrates that outliers can drive results from an empirical study with heterogeneous firms.
Furthermore, Verardi and Wagner (2011) show in a Monte Carlo study that the standard procedure of trimming the data by deleting the observations from the top/bottom one percent of the productivity distribution leads to biased estimations.
Therefore, the newly available method of robust estimation of linear fixed effects models should be considered as a valuable add-on to the box of tools for empirically analyzing performance differentials between heterogeneous firms with different forms of international activities.
Exporter premia along the productivity distribution
The positive exporter productivity premium that is reported in almost all empirical studies (surveyed in Wagner (2007) Firm-level micro-data, however, show that both exporters and non-exporters tend to be highly heterogeneous. There are many low productivity exporters and many high productivity non-exporters (for Germany, see Powell and Wagner (2011) ). This points to the existence of other factors besides productivity that are important for the decision of a firm to export or not. Looking at the exporter productivity premium at different points in the productivity distribution, therefore, can help to understand whether a central policy implication of the Melitz (2003) model is still valid when there are other drivers of export besides productivity, namely that a reduction in trade barriers leads to exit of low-productive firms and a reallocation of output and employment towards firms with a higher productivity, thereby fostering productivity and growth in an economy.
In the literature on exports and productivity quantile regression (described in detail in Koenker (2005) ) has been used for an evaluation of the size of the exporter premium at different points of the conditional productivity distribution. Until recently it was not feasible to control for unobserved heterogeneity via fixed firm effects in a quantile regression. Powell and Wagner (2011) apply a new method for quantile regression for panel data developed by Powell (2009) to estimate the exporter productivity premium at quantiles of the productivity distribution for manufacturing enterprises in Germany.
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In West Germany the productivity premium of exporters over non-exporters is statistically different from zero at each quantile of the productivity distribution, and this holds for East Germany, too, with the exception of the very high end. While the premium tends to be small (but not negligible) over large parts of the distribution from the 30 th percentile onwards where it is about 5 percent, it is much larger at the lower end. For the 5 th percentile the estimate in favor of the exporters is 29.0 percent in West Germany and 33.1 percent in East Germany, and the corresponding figure at the 10 th percentile is 15.6 percent in both parts of Germany. Powell and Wagner (2011) argue that the finding that the exporter productivity premium is positive, statistically significant and of an order of magnitude that is relevant from an economic point of view all over the productivity distribution is important because it shows that the central policy implication of the Melitz (2003) model is still valid here with the presence of low productivity exporters and high productivity non-exporters: a reduction in trade barriers leads to an increase in 11 productivity. They note that the estimates of the exporter premia decrease substantially when fixed effects are included, suggesting that existing estimates in the literature are biased due to unobserved firm heterogeneity. However, the pattern of the results survives -the effect is largest at the bottom of the productivity distribution.
These interesting and important new insights demonstrate that the newly available method for quantile regression in a linear fixed effects models should be considered as another valuable add-on to the box of tools for empirically analyzing international activities of heterogeneous firms.
The causal effect of international firm activities on firm performance reconsidered: A continuous treatment approach
Previous empirical studies (reviewed in Wagner (2007)) show that exporting does not necessarily improve productivity. One possible reason for this result is that most previous studies are restricted to analyzing the relationship between a firm's export status and the growth of its labour productivity, using the firms' export status as a binary treatment variable and comparing the performance of exporting and nonexporting firms. Exporting firms, however, are different from each other. While there are firms that only occasionally receive some unsolicited export orders, others export regularly but exports are not decisive for growth or survival of these firms, and other firms pro-actively exploit foreign markets and generate a high percentage of their total sales from exports. It seems plausible to expect that any effect of exporting on firm performance differs between these groups of firms, and between firms with different shares of exports in total sales in general.
In a series of papers Fryges (2009 ), Fryges and Wagner (2008 , 2010 and Vogel and Wagner (2010) apply the newly developed generalised propensity score (GPS) methodology by Hirano and Imbens (2004) that allows for continuous treatment, that is, different levels of the firms' export activities. 5 Using the GPS method and a large panel data set for German manufacturing firms Fryges and Wagner (2008) estimate the relationship between a firm's export-sales ratio and its labour productivity growth rate. They find that there is a causal effect of firms' export activities on labour productivity growth. However, exporting improves labour productivity growth only within a sub-interval of the range of firms' export-sales ratios.
Furthermore, they report that the relationship between labour productivity growth and the export-sales ratio is not stable over the various years the dose-response functions are estimated for.
In a companion paper Fryges and Wagner (2010) conduct the first comprehensive empirical study on the relationship between exports and profitability.
They document a positive profitability differential of exporters compared to nonexporters that is statistically significant, though rather small, when observed firm characteristics and unobserved firm specific effects are controlled for. In contrast to nearly all empirical studies on the relationship between productivity and exports they do not find any evidence for self-selection of more profitable firms into export markets. Due to the sampling frame of the data used they cannot test the hypothesis that firms which start exporting perform better in the years after the start than their counterparts which do not start. Instead, they use the continuous treatment approach and show that exporting improves the profitability almost over the whole range of the export-sales ratio. This means, that the usually observed higher productivity of 5 A discussion of this method is beyond the scope of this paper; see Fryges and Wagner (2008) for an outline. Stata code for the GPS method is presented in Bia and Mattei (2008) .
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exporters is not completely absorbed by the extra costs of exporting or by higher wages paid by internationally active firms. Vogel and Wagner (2010) use the unique recently released German business services statistics panel to conduct the first comprehensive empirical study on the relationship between exports and profitability for the business services sector. They document a negative profitability differential of services exporters compared to nonexporters that is statistically significant, though rather small, when observed firm characteristics and unobserved firm specific effects are controlled for. They find that export-starters in services are less profitable than non-starters, even two years before they begin to export, pointing to self-selection of less profitable firms into export markets. They then use a continuous treatment approach to investigate the causal impact of exports on profits. The estimated dose-response function shows an s-shaped relationship between profitability in 2005 and firms' export-sales ratio in
2004. Enterprises with a very small share of exports in total sales have a lower rate of profit than non-exporting firms. Then, with an increase in export intensity the rate of profit increases, too. However, even at the maximum the average profitability of the exporters is not, or only slightly, higher than the average rate of profit of the nonexporting firms.
All these studies reveal important findings that cannot be uncovered using the standard approach that applies propensity score matching and compares export starters (or firms that start any other kind of international activity) and observational identical non-starters over the years after the start to compute the average treatment effect on the treated and to draw conclusions with regard to a causal effect of a type of international firm activity on a dimension of firm performance. 
Concluding remarks
The studies summarized in this paper demonstrate that the new econometric methods used therein should be considered as valuable add-ons to the box of tools when the links between different forms of international firm activities and various dimensions of firm performance are investigated empirically. Given that all of these studies use firm level data from Germany, however, the results reported should not be considered as newly uncovered stylized facts.
A case in point is the vanishing exporter productivity premium found in Wagner (2011, 2012) for firms from manufacturing industries and in Vogel and Wagner (2011) for business services firms when models with fixed effects are estimated with the robust method that takes care of outliers. What we urgently need here are results from studies that use an approach labeled scientific replication by Hamermesh (2007, p. 727) ; this approach means "re-examining an idea in some published research by studying it using a different data set chosen from a different population from that used in the original paper". Results generated from data for one economy in one period cannot generally be expected to hold for another economy or the same economy in another period due to differences in institutions or its changes over time, or to time and region specific shocks. "If our theories are intended to be general, to describe the behavior of consumers, firms, or markets independent of the social or broader economic context, they should be tested using data from more than just one economy" (Hamermesh 2007, p. 728) . To put it differently, and again quoting Hamermesh (2000, p. 376) , "the credibility of a new finding that is based on carefully analyzing two data sets is far more than twice that of a result based only on one."
This seems to be an important area for future research.
